It is estimated that 10 million or more Central and South Americans are infected with Trypanosoma cruzi, the protozoan responsible for Chagas' disease.' Chronic cardiomyopathy is a frequent consequence of infection and a leading cause of disability and mortality in endemic areas. The clinical and ECG manifestations of all phases of Chagas' disease have been described in hospital-based and epidemiologic studies2-13 and histopathologic correlations with ECG abnormalities have been clearly demonstrated.14 Nevertheless, there are many gaps in the current understanding of Chagas' heart disease, From especially with regard to its natural history and prognosis. To gain further insight into the evolution of Chagas' cardiomyopathy, a longitudinal study was begun in a rural community in northeast Brazil. This paper reports the results of the initial crosssectional study. The objective was to correlate the prevalence of ECG abnormalities with seroreactivity to T. cruzi in a defined population using standardized epidemiologic methods. The study area is located in the county (municipie) of Castro Alves, State of Bahia, a tropical agricultural zone in northeast Brazil located 187 km west of Salvador. The area was selected because a survey for the triatomine vector had demonstrated infestation by Panstrongylus megistus of 20% of the houses in the county. The study population consisted of all residents of 10 contiguous fazendas (farm-estates) in a 25 km2 rural area. At the time of the study, the population of the area was 1051, of whom 709 individuals were 10 years or older (313 men and 396 women). The ages used in this paper are those recorded at the time of the original census of the area which preceded the clinical examinations by 3 to 5 months. Further information concerning 287 February. 1983 America" "earl .,O"F"d! the population and demographic methods has been published.15
METHODS
A team of four physicians and six assistants examined one half of the study population in December, 1973, and the remainder in February, 1974 . Ten cubic centimeters of venous blood and an ECG were obtained on persons 10 years of age or older. ECGs were not performed on individuals less than 10 years of age because we and others had observed a low prevalence of ECG abnormalities in young children with Chagas' disease.7 The ECGs were performed with a single-channel Hewlett Packard 1504A battery-operated electrocardiograph at a paper speed of 25 mm/set. A five lead ECG (leads I, II, aV,, V,, and VJ and a 30-second V, rhythm strip were recorded. The suitability of the abbreviated lead system and its sensitivity in diagnosing ECG abnormalities in population-based surveys of Chagas' disease have been discussed elsewhere."
Analysis of ECGs. An amplification of the Minnesota CodeI was used to classify the ECGs. The amplified code" includes criteria for complex rhythm and conduction disturbances adapted from the New York Heart Association19 and separate criteria for young patients. The ECGs were coded independently by two cardiologists. Discrepant readings were reviewed and a final coding was decided upon. The coding of a random 10% sample of ECGs was completely concordant when reviewed by a third physician experienced in the use of the code. Once coded, the ECGs were classified as normal, borderline, and abnormal according to the following scheme.
Normal. Absence of any alteration listed below under "borderline" or "abnormal," with normal sinus rhythm, sinus tachycardia, sinus bradycardia, or sinus arrhythmia. The following were allowable: rr ' in V,, if other criteria for incomplete or complete right bundle branch block were not met; in individuals under 35 years of age, tall R waves in V5 (items 3-l or 3-3 in Minnesota Code) if not associ- Bordertine.
Absence of any alteration listed below under "abnormal" plus one or more of the following: small Q waves (item l-3 of Minnesota Code); indeterminate axis, tall precordial R waves without T or ST alterations in persons over 35. short PR interval, nonspecific ST segment or T wave abnormalities, nonrepetitive supraventricular extrasystoles, unifocal nonrepetitive ventricular extrasystoles, low QRS voltage, and wide P waves.
Abnormal.
One or more of the following alterations: large Q or QS waves (items I-I and l-2), pattern of ventricular hypertrophy (tall precordial R waves) with ST segment and T wave alterations, ST and T alterations of ischemic type, atrioventricular block, ventricular conduction defects; arrhythmias (supraventricular or ventricular tachycardia, multifocal or repetitive ventricular extrasystoles, junctional rhythm, atria1 fibrillation or flutter).
Complement fixation
tests. ECGs and complement fixation tests were obtained on 644 (90.8%) of the population of 709 persons aged 10 years or older. Of 65 persons not included, 41 had neither ECG nor serology performed because of refusal, absence from the area, or illness, 17 had no serological results, and seven had anticomplementary sera. The age-sex distribution of the study population is presented in Table I . No individual was diagnosed on clinical grounds as having acute Chagas' disease, and symptomatic heart disease was rarely apparent in the population.
RESULTS

Abnormal
tracings.
An abnormal ECG was recorded more frequently in men than in women,* in seropositive individuals than in seronegative individuaIs,t and in seropositive men than in seroposi-'Chi-square test: *-= .!.7. df = 1. p < ~05. K&square test: y' = Z.5. df = I. p < 0.001. . 
tive women* (Table II) . The prevalence rate of abnormal tracings was 4.3 times greater for seropositive men than for seronegative men, and 2.6 times greater for seropositive women than for seronegative women.
The percentage of individuals with abnormal ECGs was approximately equal for seropositive and seronegative persons in the 10 to 14 year age group, but was 9.6 times greater for seropositive persons in the 25 to 44 year age group? (Fig. 1) ; above 44 years this difference decreased and for those over 64 years the percentage of individuals with abnormalities was roughly equal for the seropositive and seronegative groups. Although the percentage of ECGs classified as borderline increased with age, there was little difference in these percentages between men and women or between seropositive and seronegative individuals, even when broken down according to age groups.
Multiple alterations occurred in 52.9% (37 of 70) and 55.6% (10 of 18) of the abnormal ECGs of seropositive and seronegative individuals, respectively; 28.3% of seropositive individuals with conduction defects also had extrasystoles on their tracings. duction defects (Tables II and III) were the most common alterations and occurred with age and sex distribution similar to that seen for abnormal ECGs. Left bundle branch block did not occur. Complete right bundle branch block and fascicular block with complete or incomplete right bundle branch block were strongly associated with seropositivity to T.
cruzi. * Complete right bundle branch block was present in 52.9% of the abnormal tracings of the seropositive group; 43.2% of these showed anterior fascicular block and 2.7 % showed posterior fascicular block in addition to complete right bundle branch block. Only one seronegative individual, a 48-year-old man, had complete right bundle branch block (with anterior fascicular block). Anterior fascicular block alone occurred only 1.5 times more frequently among seropositive individuals than among seronegative individuals, but in the 15-to 44-year-old age group it was almost three times more common among seropositive persons. The total percentage of abnormal tracings with ventricular conduction defects was high in both the seronegative (61.1%) and the seropositive (87.1% ) groups.
Eighty-three and a half percent of individuals with Complete atrioventricular block was not seen, and seconddegree block occurred only twice (Table II) . According to the strict criteria of the amplified Minnesota Code (PR > 0.21 second in adults and PR > 0.18 second in children under 15 with tachycardia), firstdegree AV block occurred in only 1.2% of seropositive individuals and in 0.3 % of seronegative individuals. However, Table IV The most common arrhythmias were ventricular and supraventricular extrasystoles; ventricular tachycardia and atrial fibrillation were not seen. No difference in the prevalence rates of ventricular extrasystoles between males and females or between seropositive and seronegative individuals was noted. In the 25 to 64 year age group, ventricular extrasystoles, multifocal ventricular extrasystoles, and ventricular extrasystoles in pairs each occurred two times or more frequently among seropositive than among seronegative individuals, but the differences were not significant. Among seropositive persons, 53.8% of the ventricular ectopic activity occurred in tracings with conduction defects; only in one seropositive person were high grade (multifocal or repetitive) extrasystoles seen in an otherwise normal ECG.
The prevalence rate of atrial or junctional premature beats increased from 0.3% in the 15 to 24 year age group to 13.7% in the 65 year and over age group. The only association with seropositivity occurred in the 15 to 44 year group in which all six instances were among seropositive individuals. Sinus arrhythmia was more prevalent among seronegative than among seropositive individuals under 45 years of age.3 Neither sinus tachycardia nor sinus bradycardia were related to seroreactivity.
Other alterations.
The frequency of large (Minnesota code items l-l and l-2) and small (item l-3) Q waves as recorded in Table II undoubtedly is less than that which full 12-lead tracings would detect. All large Q waves and 50% of small Q waves in the seropositive group were associated with conduction defects or arrhythmias. The average age of seropositive individuals with Q wave alterations was 43.2 years as opposed to 61.3 years in the seronegative group.
The pattern of left ventricular hypertrophy with ST segment and T wave alterations occurred only twice (in seronegative females over the age of 40). Large R waves in lead V, were common (29.1% ) but were not associated with seroreactivity. Inverted or flattened T waves were more frequent in seropositive persons than in seronegative persons,* with the prevalence rate increasing from 5.1% in individuals under 45 years to 14.5% in individuals 45 years or older. T wave abnormalities were five times more prevalent in seropositive individuals than in seronegative individuals under 45 years, but occurred with equal frequency in individuals over 44 years of age (14% of seropositives, 15.4% of seronegatives).
Axis deviation was recorded in 9.3% of the population, 3.5 times more frequently in the seropositive group than in the seronegative group.? The most common axis deviation was left (53.3 % ), followed by right (30% ), extreme right (15%), and indeterminate (1.7%). Other alterations including ST segment depression, low QRS voltage, and wide P waves occurred each in less than 0.5% of the population.
DISCUSSION
ECG abnormalities related to seropositivity.
A high prevalence of seropositivity to T. cruzi and a strong association between ECG abnormalities and seropositivity were observed in this rural population in 'Chi-square test: xi = 5.2, df = 1, p < 0.05. Our findings support the conclusions of similar studies in other geographic areas.2. 7, l"*13 ECG alterations were more frequent among men than among women, despite similar age-specific rates of seroreactivity between the two groups. The peak prevalence rate of ECG abnormalities was in the 25 to 44 year age group of seropositive individuals.
The frequent occurrence of conduction defects, in particular right bundle branch block with or without anterior fascicular block, is characteristic of populations in endemic areas3 Ventricular extrasystoles were more common than atria1 extrasystoles, and T wave alterations were more prevalent among young seropositive individuals than among young seroneg- In this study, ECG abnormalities were uncommon among seropositive individuals under 15 years of age but occurred with increasing frequency in subsequent age groups up to age 45 (Fig. 1) . However, in the same study area the prevalence of seropositivity increased in successively older age groups from 0% before age 1 to about 60 % by age 20, and remained at this level until age 55.'" This finding suggests a lag period between primary infection and the appearance of chronic lesions; the 10 to 20 year latent phase cited from observations of individual patients is consistent with our data."," Similarly, Fig. 1 suggests that the acquisition of ECG abnormalities would be gradual, even within the seropositive population;
indeed, limited prospective data from the few existing longitudinal studies have indicated a 1.1 cc, per year rate of new heart disease among previously well seropositive individual9 and a 2.3 7: per year appearance of ECG abnormalities in seropositive individuals with normal ECGs."" Despite a high prevalence of bifascicular block (complete right bundle branch block and anterior fascicular block), high-degree heart block was exceptional.
Increased mortality related to abnormal ECG. The declining prevalence rate of abnormal ECGs among older seropositive individuals suggests a higher death rate among individuals with abnormal ECGs. Selective mortality due to Chagas' heart disease could also account for the decline in seropositivity rates after 55 years observed in this population.'" Mortality statistics from other endemic areas confirm high death rates due to Chagas' disease between ages of 20 and 50."". ",XI A retrospective analysis of a group of seropositive individuals followed over 18 years demonstrated that right bundle branch block was three times as common in fatal cases than in survivors; Chagasic individuals with atria1 fibrillation and third-degree atrioventricular block had a markedly reduced life-expectancy."" In our population, a reduced prevalence of conduction defects was noted after age 65, and the absence of atria1 fibrillation and complete heart block may be explained on the basis of shortened life-expectancy.
The rising percentage of individuals with borderline ECGs in successive age groups (Fig. 1) was due mainly to high frequencies of inverted or flat T waves, tall left precordial R waves, and isolated ventricular or supraventricular extrasystoles. Such alterations are common in coronary artery disease, arterial hypertension, and old age,31 and in our population occurred among seronegative individuals as well as among seropositive individuals.
Interestingly, the frequency of sinus arrhythmia was significantly lower among young seropositive persons than among seronegative persons of the same age. Severe damage to the autonomic ganglia and nerves of the heart32 and disorders of autonomic control in chronic Chagasic patients33 have been demonstrated which could account for this observation.
Strain-specific considerations.
Although similar rates of seroreactivity to T. cruzi and ECG abnormalities have been reported from certain endemic areas,7p l3 different rates have been described from others." The present study was undertaken in an area where the triatomine bug Panstrongylus megistus is the sole domestic vector. Geographic differences in the frequency of morbidity due to Chagas' disease may be due to T. cruzi 
